Study design: Meta-analysis. Objectives: Although the association between modifiable psychosocial factors and spinal cord injury (SCI) pain has been identified, the full range of psychological and social difficulties for those who experience acute and/or persistent pain remains unclear. This metaanalysis consolidates the available evidence, using the International Classification of Functioning, Disability and Health (ICF) as a reference framework. Methods: Nineteen studies that examined persistent neuropathic, nociceptive or mixed pain subtypes in adults with a SCI (newly acquired and chronic; N participants = 2934) were identified from electronic database searches. Standardised mean differences between SCI pain and no-pain groups on self-reported psychosocial outcomes were calculated, along with 95% confidence intervals, fail-safe Ns and heterogeneity statistics. 
INTRODUCTION
Most individuals with a spinal cord injury (SCI) will experience neuropathic and/or nociceptive (i.e. musculoskeletal, visceral) pain of varying intensity, quality and constancy. [1] [2] [3] For many, this results in a pain continuum, from acute biomedical treatment through to management of persistent pain. 4, 5 SCI pain management is further complicated by a multitude of cognitive, emotional, behavioural and social factors that can adversely affect, or buffer, the pain experience. 6, 7 To ensure optimal pain management, an investigation of the psychosocial characteristics of both acute and persistent pain conditions following SCI is therefore required. 6 The dynamic influence of psychological and social factors in SCI pain is best depicted by the International Classification of Functioning, Disability and Health (ICF) core sets for SCI care, which outline the dynamic interaction between body functions (i.e. secondary medical complications, such as pain), an individual's personal or psychological functioning, and their work, family and social interactions. [8] [9] [10] Consistent with the ICF framework, studies have identified an association between severity of SCI pain and degree of mood disturbance (including depression and anxiety), during the subacute phase of SCI. 11, 12 However, relationships between pain severity and affective distress may change over time. 13 Indeed, community SCI samples (i.e. mean time since injury 17 years) reporting substantial pain do not necessarily have concurrent depression. 14 Indeed, Raichle et al. 15 found that pain severity on its own explained only 14% of the variance in mental health status among adults with mixed (e.g. shoulder, lower back) and persistent pain subtypes, suggesting that responses to SCI pain are complex. Another psychological variable that impacts on post-injury pain is one's degree of confidence in performing activities despite pain. 14, 16 Whether this self-efficacy remains a determinant of pain behaviour and disability in the longer term is, however, still to be established. 6 The ICF also defines psychosocial difficulties as activity limitations and participation restrictions related to an individual's community and social functioning. 8, 9 For example, Donnelly and Eng 17 found that pain intensity was significantly associated with one's ability to reintegrate into the community in the first 6 months post SCI. Longitudinal studies have also demonstrated that those with pain report less social interaction and support compared with pain-free peers, 18 and lower satisfaction with their participation in daily self-care activities, family roles and relationships. 19 Notably, these studies have operationalised participation in various ways, highlighting the multidimensionality of this concept. 20 In summary, the ICF can be used as a reference to define the psychosocial issues encountered by individuals who report pain following an acquired SCI. This paper will quantitatively review the available data to map the onset and maintenance of psychosocial difficulties in SCI pain, as predicted by the ICF.
MATERIALS AND METHODS

Literature search
An online search of the Embase, PsycINFO and PubMed databases was undertaken to source eligible studies that examined psychosocial functioning in participants with and without SCI pain. Database searches were undertaken for the period between January 1960 (coinciding with the earliest date when MeSH terms for 'pain' were introduced) to September 2015. A research librarian was consulted during this process to improve accuracy and relevance of the search terms (see logic grids provided in online Supplementary Material). The initial search criteria was kept deliberately broad (i.e. did not specify psychosocial variables) to ensure that all potentially relevant articles were captured. Further, requests for relevant published data were made through the listserv for the American Psychological Association's Division 22 (Rehabilitation Psychology). Finally, additional studies were identified from a manual search of the reference lists of all eligible studies.
Study eligibility
Studies were included in the current meta-analysis if they: (a) recruited individuals, aged 16 years or older (the lowest common entry age specified for adult services 21 ) who had sustained an SCI, and reported experiencing pain (either directly related to SCI pathology (i.e. neuropathic, nociceptive pain) or post-injury pain of unknown origin); 2,3 (b) used an SCI control group with no pain; (c) explored the psychosocial functioning of both groups via standardised assessment tools; (d) provided quantitative data that permitted the calculation of Cohen's d effect size (i.e. group means and s.d.'s, t-statistic, point biserial correlation coefficient, exact P-values); 22, 23 and (e) were published in English. For the purpose of this review, psychosocial outcomes were defined as measures of psychological state (affective or behavioural) or the social environment (e.g. social support, community resources) that were considered modifiable or amenable to change, in the context of cognitive behavioural models of SCI pain. 14 Studies were excluded if they examined a mixed disability group, where SCI pain data could not be separately extracted, or if they examined psychological constructs that may not be amenable to treatment (e.g. traitbased measures). Studies were also ineligible if they reported multivariate models, which are problematic for effect size interpretation because of their use of different combinations of predictor and outcome variables. 23 The first author (JT) carried out the initial review of study titles, with the second author (DD) independently assessing abstracts using the aforementioned inclusion criteria. Disagreements were resolved by consensus decision. Figure 1 Flow chart of the study selection process.
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An initial 18 413 articles were identified via the database searches, with 19 studies meeting the eligibility criteria (see Figure 1) . This included six studies with overlapping samples, or two studies each by Norrbrink Budh et al., 24 Norrbrink Budh and Osteraker, 25 Putzke et al. 26, 27 and Rintala et al. 28, 29 However, only the single studies from Norrbrink Budh et al. 24 and Putzke et al. 26 met the minimum inclusion criteria, whereas the phase 1 data from Rintala et al. 29 was used as it comprised a larger sample size. This resulted in a final sample of 16 independent studies. 11, 18, 24, 26, [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] Data extraction and organisation
In accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses, 41 data were collected with a purposely designed data extraction form. This included information relating to: study characteristics (e.g. country, sample recruitment source); sample demographics (e.g. age, sex, ethnicity, relationship and employment status); injury characteristics (e.g. time since injury, injury cause, SCI pain type); and statistical data (e.g. means and s.d.'s for individual measures of psychosocial functioning).
For ease of data interpretation, individual psychosocial measures were grouped according to concepts outlined in the ICF core sets for SCI. 8, 10 This included Geyh et al.'s 10 elaboration of the personal domain into five subdomains: thoughts and beliefs, personal history and biography, feelings, patterns of experience and behaviour, and life satisfaction. 10 Activity and participation limitations were defined as: economic self-sufficiency, informal social relationships, community life and family relationships. 8 
Data preparation
Before data analysis, the data for five studies required recalculation. First, three independent studies recruited multiple groups based on pain intensity (i.e. no pain vs mild, moderate or severe pain) or pain persistence (i.e. no pain vs intermittent or continuous pain). 24, 29, 35 The data for each study was therefore pooled to reflect two distinct and consistent groups: SCI pain and SCI no pain. Similarly, where data were provided separately for subgroups (i.e. participants with paraplegia vs tetraplegia), 32 the means and s.d.'s were pooled to provide an overall score for individuals with SCI pain and no pain. Where only median values and ranges were reported, 24 these statistics were converted to estimated means and s.d. 42 Fourth, studies that provided either point biserial correlation coefficients, 18 group means and s.e., 31 P-value from a χ 2 analysis 36 or t-tests 40 were converted to effect size d using Wilson's calculator. 43 Finally, the direction of individual standardised measures (e.g. Beck Depression Inventory) were rescaled to conform to the effect size rule adopted in this meta-analysis: negative values indicated that the SCI pain group reported poorer psychosocial functioning in comparison with pain-free peers.
Data analysis
Meta-analysis was chosen as the methodology due to its demonstrable benefits in evidence-based practice. 44 This includes the ability to draw conclusions about statistical significance from several studies that have conflicting results in addition to its statistical power: the accumulated results of a meta-analysis can provide a more correct estimate of effect magnitude than the analysis of any single study. 23, 45 Data were analysed using Comprehensive Meta-analysis Software (version 3.0; Biostat Inc., Englewood, NJ, USA). Cohen's d, 22 which provides an estimate of the standardised difference between two groups (i.e. SCI pain vs SCI no pain), was the primary effect size estimate used in this study. Importantly, most studies reported necessary means and s.d.'s, allowing consistency in the calculation of effect sizes. 23 Effect sizes were interpreted according to Cohen's 22 proposed guidelines: 0.2, 0.5 and 0.8 equating to small, medium and large group differences, respectively.
Effect sizes were calculated in several stages. First, Cohen's d was calculated for each individual psychosocial measure used by a study. Second, studies that used the same psychosocial outcome and examined the same stage of SCI (i.e. acute vs chronic SCI) were pooled. Before being pooled, studies were weighted by their inverse variance (d w ), or inverse of the s.e. This weighting method compensates for the phenomenon that small sample sizes are generally associated with greater variability. 23, 45 The precision of each effect size estimate was determined by calculating 95% confidence intervals (CIs) and P-values for both individual and weighted ds. 46 In addition, publication bias was assessed using the fail-safe N-statistic (Nfs). 47 The calculation of Nfs estimates the hypothetical number of unpublished studies required to render a d value as meaningless (i.e. equating to a small effect or do0.20 for this review). 47 The higher the Nfs value, the more likely that d can be considered to be robust. For the purpose of this meta-analysis, an Nfs value was considered appropriate if the value exceeded the number of pooled studies that contributed to a weighted d for a particular measure (i.e. Nfs 4N studies ).
The consistency of results between studies in this meta-analysis was examined with the I 2 index. 48 The larger the I 2 value, the greater the degree of heterogeneity across true effect size estimates. 45, 48 The conservative randomeffects model was applied for these statistical analyses. This model assumes that the true effect is similar, but not identical, across individual studies, 45 which suits the clinical and methodological diversity that characterises SCI pain research. 2, 3, 5, 6 A combination of statistics was therefore considered when interpreting the results obtained from this meta-analysis. Specifically, an ICF subdomain was considered to be clinically and statistically important if the weighted effect size (d w ): (a) represented a medium to large (d ⩾ 0.50) mean group difference between the SCI pain and no pain groups; (b) the associated 95% CI did not span zero; and (c) the Nfs score suggested that the findings were unlikely to be compromised by publication bias (i.e. Nfs4N studies ). The interpretation of effect sizes was also considered within the context of between-study heterogeneity.
RESULTS
Study characteristics
The 16 independent studies included in this meta-analysis provided data for 1658 individuals with acute or persistent pain and 1276 painfree peers (see Table 1 ). In all cases, pain was assessed by standardised outcomes measures, including the McGill Pain Questionnaire and West-Haven Yale Multidimensional Pain Inventory. Four studies 18, 24, 35, 39 supplemented pain self-reports with general medical assessment or neurological interview. Visual and numerical rating scales were primarily used to rate pain severity and frequency (N studies = 7).
The vast majority of the data provided for this meta-analysis originated from the United States of America (N studies = 6) and Europe (N studies = 5), followed by Australia (N studies = 2), Asia (N studies = 2) and Canada (N studies = 1). Participants were primarily sourced from a single SCI centre or unit, with studies also using regional or national data sets, including the Stockholm SCI database, 39 Norwegian Survey Archive 34 and SCI model system 26, 36 The two largest studies 37, 39 contributed to 41% of the overall sample size (i.e. combining SCI with and without pain). Most studies provided cross-sectional data, with longitudinal designs adopted by four studies. 18, 26, 29, 33 A total of 20 standardised, self-report psychosocial measures were used across the 16 independent studies. The 12-or 36-item Short Form Health Survey (N studies = 6), a quality of life measure routinely used in medical research, 49 was most commonly used to assess physical and mental health functioning. Questionnaires were primarily administered in a clinical setting or by a mailout survey (N studies = 8), with the remainder administered as part of a semistructured interview (N studies = 8).
Sample characteristics
As seen in Table 1 , the majority of individuals were male, middle-aged, married or partnered, unemployed and Caucasian; although these data were not routinely reported. Participants had been living with their SCI for an average of 12 years, with traumatic SCIs (e.g. vehicular accidents, falls) the most common aetiology. Time since injury was not routinely specified. Only a few studies provided separate demographic information for participants with and without SCI pain. 26, 29, 38 Participants reported experiencing neuropathic (at-level and below-level) pain and/or nociceptive (musculoskeletal, visceral) pain. The two acute SCI studies reported ongoing pain from injury onset. 11, 36 The remaining 14 studies examined pain in the longer term and described this pain as persistent, although pain duration was not usually specified. Where this detail was provided, pain was experienced at a minimum of four 2-week periods during the past 12 months, to more than 6 months. Wollaars et al. 40 provided information about pain treatments, with 41% of their sample having used physical-based therapy (i.e. yoga, massage, physiotherapy) and 10% requiring prescription medication (i.e. gabapentin).
Psychosocial function
As seen in Figure 2 , the impact of pain on psychological status was routinely assessed (100% of studies), followed by activity limitations and participation restrictions (44% of studies). Statistical homogeneity (I 2 = 0.00, P40.05) was found for most ICF subdomains, although this likely reflects the small number of studies contributing to this data (N studies o4). In comparison, the 14 studies that assessed the broad ICF concept of feelings used seven individual psychological measures to assess depression, anxiety and/or general mental health status, across a range of sample sizes (N range = 88-767). It is therefore not surprising that this subdomain demonstrated inconsistency in effect size estimates.
Personal Despite all studies assessing the impact of SCI pain on psychological status, few used the same outcome measure (Table 2 ). Significant and large group differences for thoughts and beliefs were noted in both the acute and chronic stages of SCI pain, although these findings were restricted to two small-scale studies. 11, 29 Specifically, participants with pain reported heightened levels of stress (Perceived Stress Scale) and lower levels of self-efficacy in relation to managing self-care activities (Moorong Self-Efficacy Scale) compared with their pain-free counterparts. In the feelings subdomain, an individual measure of anxiety and depression-the Hospital Anxiety and Depression Scale-produced the largest effect estimate. However, related measures of depression severity or symptomatology were not significant (i.e. BDI, CES-D, PHQ-9). General wellbeing (i.e. Short Form Health Survey-12 item, Kessler Mood Inventory) was also affected, with pain negatively impacting on mood throughout the course of SCI. In comparison with peers without pain, individuals with acute SCI pain also displayed poor patterns of experience and behaviour based on a validated coping measure, the Spinal Cord Lesion-Related Coping Strategies. 11, 50 This included less acceptance or revaluation of life values postinjury, and a tendency towards dependent behaviour (e.g. reduced efforts to behave independently). The remaining measures in this personal domain, which included post-traumatic growth and resilience, illness cognitions and satisfaction with life, were confounded by publication bias (Nfs4N studies ).
Activity and participation
Group differences in degree of activity and participation, at home and in the community, were examined by seven studies, all involving adults with persistent SCI pain ( Table 3 ). The Economic Selfsufficiency subscale from the Craig Handicap and Reporting Technique was the only measure to meet the criteria for clinical significance (i.e. d40.50; 95% CIs≠0; Nfs4N studies ). Specifically, individuals with pain reported reduced ability to sustain socioeconomic activity and independence (defined as hours per week spent in paid employment and educational activities), in comparison with peers without pain. No firm conclusions can be drawn in relation to the impact of SCI pain on interpersonal relationships and different aspects of community life given the small Nfs statistics.
DISCUSSION
This meta-analysis synthesised the data from 2934 participants across 16 studies to describe and examine the psychosocial functioning of persons living with SCI pain. The dynamic interaction between psychosocial domains in the SCI pain experience is depicted in Figure 3 , which maps the findings of the present review onto the ICF. As demonstrated, the most frequent difficulties associated with pain were psychological in nature, regardless of whether pain was experienced in the acute or chronic stages of SCI. Pain was also identified as a significant barrier to earning potential, or one's ability to be financially independent. This evidence was, however, limited in quantity.
The results are congruent with earlier systematic and narrative reviews, which suggest that psychosocial difficulties commencing in the acute phase of an SCI can become chronic without the appropriate treatment. 6, [51] [52] [53] The results also highlight avenues for further research. Specifically, the need to explore influences on social and community participation for people with an SCI. Attitudinal barriers and service accessibility are key barriers that can predict both physical and mental wellbeing, post SCI. 54 Temporal fluctuations in the stability of structural and perceived social support can also influence postinjury adjustment outcomes. 55, 56 However, the relative impact of specific support constructs (i.e. structural vs perceived social support), in addition to interaction effects between support services and pain remain unclear. 55 
Clinical implications
Given that psychosocial factors are associated with SCI pain, biopsychosocial case formulations are warranted. Accurate case formulations can help identify factors contributing to, and effecting, the pain experience; in turn, highlighting key psychosocial targets for SCI pain management. 57 This might include activity pacing and scheduling of pleasant activities, behavioural skills training and/or cognitive interventions to challenge unhelpful thoughts and reinforce adaptive coping, thereby helping individuals feel more equipped to manage the physical and emotional consequences of their SCI. 4, 5 Rehabilitation efforts to promote engagement in meaningful community activities can also contribute to health-related quality of life. 58 Case formulations require accurate identification of those individuals at risk of experiencing poor psychosocial outcomes. 57 Validated self-reported health indices for the SCI group include condition-specific measures, such as the Spinal Cord Lesion Coping Strategies Questionnaire 50 and Moorong Self-Efficacy Scale, 59 which assess passive and active behavioural coping. The Initiative on Methods, Measurement and Pain Assessment in Clinical Trials (IMMPACT), also provides a list of outcome measurements across biopsychosocial life domains, including emotional functioning. 60 Recommended rating scales are the Beck Depression Inventory and Profile of Mood States. 60 The small number of eligible studies for this review also points to the need for having standardised and consistent collection and reporting of pain in the SCI population. The various subtypes of SCI pain can be challenging to classify. 2 In recognition of this need, the International Spinal Cord Injury Pain Classification has been developed. 2 Future research should also consider the International Basic SCI Pain Data set, which contains clinically core questions to formulate a probable diagnosis of pain type. 3 Figure 2 Forest plot with effect sizes and associated statistics per ICF domain. *Effect size met the study criteria: d40.50; 95% CIs≠0; Nfs4N studies .
Psychosocial aspects of SCI pain J Tran et al intermittent and persistent pain simultaneously), 2 and biopsychosocial aspects (e.g. perceived pain interference with activities, mood and sleep). Although the data set requires further validation, it offers promise as a consensus taxonomy.
Study limitations
A number of methodological limitations warrant consideration when interpreting the results of this meta-analysis. First, although the electronic search criteria were broad, the search was restricted to studies published in the English language. Caution must also be taken when interpreting these results owing to the small number of studies contributing to this meta-analysis; studies that also relied on individual measures of psychosocial functioning and small sample sizes, thereby limiting statistical power. 45 The pooling of effect sizes in this review also needs consideration. Although the ICF can be used to guide the selection of clinical measures, and, in turn, improve the consistency of data collection in SCI research, further research is needed to determine which psychological outcomes best map onto ICF domains of functioning. 10, 61 The difficulty is that psychological constructs such as depression are heterogenous, with symptom coverage (i.e. cognitive, somatic, affective) and duration (i.e. 'recent' symptoms in past week or fortnight vs 'usual symptoms') varying across different measures. This was highlighted by the range of effect sizes associated with the individual measures of depression in this meta-analysis. The crossmeasure equivalence of available depression severity ratings (i.e. HADS, SF-12), screening tools (i.e. PHQ-9, IDD) and diagnostic measures (i.e. Structured Clinical Interview for DSM disorders) also warrants examination. 62, 63 Indeed, the utility of severity 'cutoff' scores for 'probable depression' based on self-report has only recently been explored. 64 Another limitation relates to the sample characteristics. Given that the sample had a greater proportion of males compared with females, the findings may be limited in their generalisability to both genders. It is important to note that the 3:1 male:female ratio is consistent with global prevalence patterns of SCI. 21 Moreover, there is evidence to suggest that males and females with SCI describe their pain similarly. 65, 66 The studies contributing to this meta-analysis also predominantly originated from Western countries, and, as such, may not be applicable to non-Caucasian groups. Indeed, research suggests that there is variability in degree of SCI pain interference among various racial groups, with non-whites tending to report more severe pain than whites. 67 Similarly, it was not possible to compare SCI pain and no pain groups on potential aetiological variables that may contribute to pain (e.g. gender, marital status, injury severity, psychological morbidity) 6,65,66 as studies did not consistently report these data for pain subgroups. Future SCI research might consider matching pain and no groups on these potential confounds. The limited data prevented moderator analyses of the pain experience that may have led to qualifications in the results. This included the impact of potentially important within-group differences in pain duration and type, 2, 6 in addition to pre-existing differences in values and attitudes. Indeed, recent research suggests that a substantial proportion of individuals with persistent SCI pain modify their social activities because of pain perception resulting in a pain-dependent lifestyle. 68 Finally, the reliance on cross-sectional data limits any causal inferences that can be established between pain and the examined psychosocial constructs. Longitudinal studies are needed to clarify whether the observed psychosocial differences are the cause, or result, of SCI pain, as well as whether the association between pain and psychosocial adjustment changes over time. Indeed, the presence of pain has been identified as the strongest predictor of poor psychological functioning and social integration for individuals with chronic SCI over a 6-year period. 6 
CONCLUSION
The present study highlights the utility of the ICF as a reference framework for understanding psychosocial difficulties in the experience of SCI pain. SCI pain is a complex and multifaceted construct, necessitating consideration of contextual factors when investigating pain onset and course. Early and accurate pain assessment, followed by targeted multidisciplinary intervention, is critical to reduce the personal and social burden of pain.
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